Aim: Evaluating climbing stairs for prescription and implementation of physical activity regimes. Methods: Healthy females (F, n = 14), and males (M, n = 15) participated. By climbing 100 steps of stairs with 0.173 m height, Heart rate (HR) and oxygen uptake were measured throughout the floors; Blood pressure (BP) was measured at ground and the 5th floors only. Results: Energy increased from 2 to 7.6 was metabolic equivalents (METs = 3.5 ml O 2 /min•kg) at 17.3 m elevation in 2 min. at the 5th floor, and percent Heart Rate Reserve (%HRR) was 66.17% in F and 48.7% in M, proportional to their aerobic efforts. Average climbing efficiency was 15.8 ± 2.3% (n = 29). Aerobic capacity estimated dividing the highest work rate (17. Kcal per day, ascending) and number of days/week are adjusted. Full regime requires up to 7.6 METs, a total of 532 and 140 MET.min/week ascending and descending, respectively. Intensities >7.6 MET, climbing rate should be >8.65 m/min. Limiting ascent to 1 (3.5 METs) or 2 (5.5 METs) floors or only descents (2 -3 METs) may be used for unfit subjects. This method is useful for those with no access to sophisticated facilities.
Introduction
The Gulf Cooperation Council Countries have very high percentages of non-communicable diseases, namely, obesity, diabetes and cardiovascular diseases [1] . The United Nations identified inactivity, one of the four main risk factors for these chronic diseases [2] . The aim of this study was to explore whether climbing stairs can be used by the family physician and other healthcare professionals for evaluation, prescription and implementation of physical activity regimes (training) in various types of patients.
Purpose: To measure the physiological responses in ascending stairs for both male and female subjects, and to explore the possibility of using the stairs for exercise fitness evaluation, prescription and training.
Methods
Healthy male and female volunteers (fourteen females F, 30.9 ± 2.86 years of age, and fifteen males M, 33.3 ± 2.72 years old) with no physical nor mental disabilities participated in the study ( Table 1 ). The tests were conducted at Kuwait University Faculty of Medicine. Subjects ascended and descended the Faculty of Medicine, Kuwait University's five floors stairs (100 steps of 17.3 cm each, at 50% grade, total ascent of 17.3 m in 2 min, on average). Heart Rate and time elapsed were measured at every floor using Polar Watches. Energy expenditure was measured indirectly using a portable gas flow meter (Quark-b2) and gas analyzer (Cosmed, Rome, Italy) and expressed in ml O 2 Kg −1
•min −1 or in metabolic equivalents (1 MET = 3.5 ml O 2 Kg −1
•min −1 ), at rest and at each floor.
Blood Pressure was measured at the ground and fifth floors using a sphygmomanometer and auscultation. HRmax for each subject was estimated as: 220 minus age (years).
Heart rate reserve (HRR) was estimated as HRmax-resting HR for each subject. Percent HRR (%HRR) was calculated as [(measured HR − resting HR)/HRR] × 100.
Results
This stairs had 17.3 cm/step, 50% grade and a total of 100 steps, but any stairs can be used as long as the height per step and the number of steps are known. The subject's descriptive anthropometric data are shown in Table 1 . Females were shorter, lighter and had slightly higher HR max and rest HR than males. HRR was similar in F and M. (Figure 1 ).
In M, the increases were significant at the first and second levels, smaller at the 3rd and 4th, reaching also 7.6 METs at the fifth floor ( Figure 1 ). METs used at each elevation (m) are shown in Figure 2 . The rate of ascent in F and M was similar and constant at each floor (8.65 m/min) and is shown in Figure 3 . During stairs descent the HR was 110 to 120; %HRR was 15% and the METs used 2 to 3, in F higher than in M. F have higher HR after 10 min rest recovery than M. By alternating ascents and descents the subject practices in addition to aerobic training, a form of interval training helpful to improve balance and flexibility.
Discussion
Health professionals may use stairs for submaximal evaluation of physical fitness (with estimate of MET max and aerobic capacity). This is readily done when HR and VO2 are directly measured (Figure 4(a) ), by extrapolation to 100% HRR and reading the corresponding VO 2 from the derived equations (Figure 4(a) ). When oxygen uptake is not measured, for each individual, aerobic capacity is estimated, from the highest rate of work output reached (in Kg•m/min per Kg lifted, the corresponding fractional effort (from the highest %HRR reached), converted (×0.00239 Kcal/Kg.m) into Kcal/Kg.min and divided by the fractional efficiency of stair climbing (0.158 for these stairs), to estimate maximal energy expenditure in Kcal/min.Kg, which when divided by the caloric equivalent of oxygen, 5 Kcal/L O 2 yields the maximal L/min O 2 uptake per Kg body weight. The climbing efficiency changes little in stairs with different percent grades as the cost of horizontal displacement at each step depends on stepping rate but negligibly on horizontal displacement [5] .
The rate of oxygen consumption reached after 2 min at the highest (17.3 m) level climbed by both F and M was 0.0266 L/min•Kg (0.133 Kcal/min•Kg or 9.04 Kcal/min in F weighing 68 Kg and 10.90 Kcal/min in M weighing on 82 Kg) which compared well with those in the manual of Bioenergetics for Exercise Sciences [5] and those previously reported in several studies (7.8 -13 Kcal/min) evaluating the energy cost of stair climbing [6] . The Kcal used per min and per Kg lifted was independent of sex (0.133) and comparable with previously reported [6] stair climbing values (0.110 -0.185). In this study, we also used the measured highest attained work rate, the fractional effort (from the %HRR reached, which we show in Figure 5 that is directly proportional to %VO 2 max) and the stair climbing fractional work efficiency (at 0.158 ± 0.023 in both males and females) to estimate the aerobic capacity of the subjects, since directly measuring oxygen uptake is rarely available to the healthcare worker. The Kcal spent per step was lower in females (0.18) than in males (0.219), given their lower body weight, and again within range of previously reported values (0.2) [7] .
For patients with limitations, it is likely that they would reach efforts higher than 60% (as reflected by their %HRR) at the 3rd floor compared to the healthy females in this study. Their stair climbing should be more limited (one or two floors). This can be assessed by monitoring their HR and not allowing it to reach more than 60% of HRR. Severely limited subjects may benefit by stair descents which require only 2 -3 METs.
For exercise prescription, %HRR is plotted against cumulated floor elevation (m). The elevation at which 60% of HRR is reached [4] is estimated, for example, at 10.3 m (the 3rd floor) for an average female in this study. For the healthy males, or athletes, the velocity of stair climbing may have to be adjusted so that at the top floor at least 60% of HRR is reached.
Using a minimum recommended weekly physical activity volume of 600 MET.min per week for health maintenance [8] , at an average exercise intensity of 6 METs, 100 min/week is the minimum total weekly duration of physical activity to be recommended for health maintenance. This can be broken down into sessions of about 20 min/day (5 ascents per day × 2min/ascent = 10 min going up at 7.6 METs = 76 MET.min/day and 10 min going down × 2 METs = 20 MET.min/day, for a total of 96 MET.min/day), 7 days/week frequency for a workout of 96 × 7 = 672 MET.min/week, higher than previously suggested [9] . For health enhancing effects (to lower blood pressure, reduce cholesterol, weight loss, and enhance aerobic capacity) at least double the minimum physical activity volume recommended per week (at least 1200 MET.min/week) should be used and the subject retested after 3 months.
Elevations of systolic blood pressure during stair climbing much greater or smaller than 140 mmHg, decreases in diastolic blood pressures (DBP) or increases of DBP to values higher than at rest may indicate additional pathology.
Climbing stairs can thus safely be used as a mode of physical activity and exercise training by adjusting elevation (floors) climbed, the rate of climbing (time per floor) and the repetition rate while monitoring heart rate and timing. This can be used by healthcare providers or subjects that have no access to more sophisticated facilities.
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